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(54) BRANCHED MULTIPLEXING OPTICAL WAVEGUIDE CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a Y-branched 
structure in which the clogging of interoptical waveguide 
gaps is not present, a manufacturing yield is improved 
and an excessive loss is sufficiently small. 
SOLUTION: A gap is broadened without increasing a 
branching loss and the generating of bluntnesses and 
voids of gap parts are eliminated by allowing this 
waveguide to have an optical connecting part 1 2 in 
which a main waveguide 1 1 and two lines of branched 
waveguides 13, 14 are arranged while being made 
adjacent with a prescribed gap. When a light propagating 
the main waveguide 1 1 reaches the optical connection 
part 12, at the outset, the shifting is generated in 
between brached waveguides by a mode connection. 
Thereafter, since as the light propagates the main 
waveguide 1 1, the light clogging state of the main 
waveguide 1 1 becomes weak to mitigate the mode 
connection having a strong wavelength-dependence and 
the waveguide becomes to be in a cutoff state, the 

waveguide becomes to lose the wavelength-dependence of the branching loss. Moreover, a 
complete light power shifting is realized by making the length of the optical connection part 12 
to be equal to or longer than 500jxm and then the branching loss is reduced. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the branching multiplexing optical waveguide circuit characterized by to have the 
contraction waveguide section to which an edge reduces said main waveguide gradually from the main 
waveguide in the branching multiplexing optical waveguide circuit which has two branching 
waveguides optically combined with the main waveguide and this main waveguide formed into the clad 
on a substrate, and it extends, for said contraction waveguide section and said branching waveguide to 
approach, to be arranged, and to form the optical-coupling section. 

[Claim 2] It is the branching multiplexing optical waveguide circuit according to claim 1 characterized 
by for said contraction waveguide section in said optical coupling section having a taper configuration in 
a both-sides side, and said branching waveguide having the expansion waveguide section of each taper 
configuration of said main waveguide, and the taper configuration of the hard flow which counters. 
[Claim 3] The contraction waveguide section and the expansion waveguide section are a branching 
multiplexing optical waveguide circuit according to claim 1 or 2 characterized by having spacing of 2.0 
micrometers thru/or 3.5 micrometers. 

[Claim 4] The optical coupling section is a branching multiplexing optical waveguide circuit according 
to claim 1 , 2, or 3 characterized by having die length of 500 micrometers or more. 
[Claim 5] The propagation direction of the light which spreads the main waveguide and branching 
waveguide in the optical coupling section is a branching multiplexing optical waveguide circuit the 
claims 2 and 3 characterized by the parallel thing, or given in four. 

[Claim 6] The branching multiplexing optical waveguide circuit according to claim 2, 3, 4, or 5 
characterized by the minimum waveguide width of face of the main waveguide in the optical coupling 
section and branching waveguide being 2 micrometers or less. 

[Claim 7] The main waveguide is a branching multiplexing optical waveguide circuit according to claim 
6 characterized by being the waveguide which spreads the light of a basic mode until it results in the 
optical coupling section. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has two or more optical waveguides formed on the substrate, and 
relates to the branching multiplexing optical waveguide circuit which performs branching and 
multiplexing of light. 
[0002] 

[Description of the Prior Art] In the optical integrated circuit using waveguide, the optical waveguide 
circuit which has the function of branching and multiplexing is important, and indispensable. As such a 
branching multiplexing optical waveguide circuit, the Y branch optical waveguide circuit which has two 
or more branching optical waveguides is known, and the application to a lxN splitter etc. is made. 
[0003] Drawing 5 is the block diagram showing the conventional Y branch optical waveguide circuit. 
[0004] Each waveguides 21, 22, 23, and 24 are embedded for the Y branch optical waveguide circuit of 
drawing_5 into the clad 2 on a substrate. Moreover, all of the waveguide width of face of waveguides 21, 
23, and 24 are equal, and the branching waveguides 23 and 24 have radius of curvature r, and have an 
ideal configuration [ as / whose tip is zero ] in the gap of the lock out part surrounded by the branching 
waveguides 23 and 24 of the branch point 25 when the branching waveguides 23 and 24 start. 
[0005] The production approach of this Y branch optical waveguide circuit carries out the sequential 
deposition of the core layer 3 with a slightly high refractive index substrate top 1, such as silicon, as 
shown in drawing 6 rather than cladding layer 2a and cladding layer 2a. Subsequently, it leaves an 
optical waveguide circuit part like the desired optical waveguide circuit 21, 22, 23, and 24, for example, 
each waveguides of drawin g 2 , and a core layer 3 is processed by etching, cladding layer 2a is deposited 
after that, a desired optical waveguide circuit is embedded, and a branching multiplexing optical 
waveguide circuit is produced. 

[0006] In the Y branch optical waveguide circuit mentioned above, for low-loss-izing of branching 
multiplexing, it is produced so that the tip configuration of the lock out partial gap of the branch point 
25 may become close to ideal zero. 

[0007] However, with the present production technique, it is impossible to make the configuration at the 
tip of a lock out partial gap into zero, and it has 0.5-1 micrometer and narrow width of face. Therefore, 
as the core layer which should be removed into the gap part which it is difficult to process it with a 
sufficient precision in fact [ since it blockades ] although the beginning of a lock out partial gap must 
also be processed perpendicularly ideally, and was blockaded remains when removing the core layer of a 
garbage so that it may become a desired optical waveguide circuit by etching, and shown in drawin g 7 , 
**** arises, branching loss increases, and the yield falls. Moreover, when are processed with a sufficient 
precision and embedding the narrow gap of 0.5-1 micrometer of a lock out part by cladding layer 2a, as 
shown in drawingJS , the air space 26 called a void to the gap section occurs, this void increases 
branching loss, and the yield falls. Moreover, in order to solve the above-mentioned problem on 
production, it is difficult for branching loss to increase on the contrary and to constitute the branching 
multiplexing optical waveguide circuit of low loss only by extending the gap of the branch point (lock 
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out part) simply. Here, drawing. 7 and drawing 8 are the B-B' sectional views near the branch point 25 of 
the blockaded gap which was surrounded by the branching waveguides 23 and 24 in dr awin g 2 . 
[0008] In order to solve a technical problem which was mentioned above, according to JP,4-70605,A, a 
branching multiplexing optical waveguide circuit like draw ing 9 is devised. It is the branching 
multiplexing optical waveguide circuit which has the structure where consist of the expansion 
waveguide 22 and expansion waveguide which are expanded and prolonged from the main waveguide 
21 and the main waveguide 21, and branching waveguides 23 and 24 separated with a predetermined 
gap, and the branching waveguides 23 and 24 are also separated with the predetermined gap. 
[0009] 

[Problem(s) to be Solved by the Invention] As mentioned above, the Y branch optical waveguide circuit 
of a gap [ the residual of the core layer of the gap of a lock out part and ] shown in drawin g 5 becomes 
blunt, or tended to produce the incompleteness on structures, such as generating of a void, and since 
branching loss increased and the yield fell, it had a problem at the disadvantageous point on production. 
Moreover, the branching multiplexing optical waveguide circuit shown in drawin g 9 which has a gap 
between the main waveguide and branching waveguide has the Y branch optical waveguide circuit of 
drawing 5 , and an essential target's same expansion waveguide 22, and makes structure of the optical 
coupling section the structure which cut the bond part of the main waveguide of a Y branch optical 
waveguide circuit, and branching waveguide in part in the shape of a straight line, however, with such 
structure, manufacture of the point of an acute angle about propagation of light it is not only difficult, 
but In order that the propagation light of the basic mode of the main waveguide 21 serves as the higher 
mode in the expansion waveguide 22 and may spread by the basic mode by the branching waveguides 
23 and 24 further, A sufficiently good branching loss property and a wavelength dependency are not 
acquired by mutual conversion of propagating mode, and the optical coupling in a gap, but lack also in 
the stability of reappearance of a branching multiplexing property by them. A difficulty has expression 
branching loss in that this increases notably, so that the include angle theta with the shaft of the 
waveguide of the end-face 240 grade of the end face 220 of the expansion waveguide 22, the end face 
230 of the branching waveguide 23, and the branching waveguide 24 and the main waveguide 21 to 
make becomes small especially, and the repeatability of a branching property gets worse greatly. 
[0010] The incompleteness on manufacture of the waveguide of the optical coupling section of 
branching multiplexing etc. is eased, the purpose of this invention is easy to manufacture, its superfluous 
loss is small enough, and its wavelength dependency of superfluous loss is good, and is to offer the high 
branching multiplexing photoconductive wave circuit of the repeatability of a property. 
[0011] 

[Means for Solving the Problem] In the branching multiplexing optical waveguide circuit which has two 
branching waveguides which this invention combines with the main waveguide and this main 
waveguide by which the branching multiplexing optical waveguide circuit was formed into the clad on a 
substrate optically, said main waveguide is characterized by to have the contraction waveguide section 
to which an edge contracts gradually and extends from the main waveguide, and for said contraction 
waveguide section and said branching waveguide to approach, to be arranged, and to form the optical- 
coupling section. Moreover, said contraction waveguide section in said optical coupling section has a 
taper configuration in a both-sides side, and said branching waveguide is characterized by having the 
expansion waveguide section of each taper configuration of said main waveguide, and the taper 
configuration of the hard flow which counters. 

[0012] And it is suitable for the contraction waveguide section and the expansion waveguide section of 
this invention to have spacing of 2.0 micrometers thru/or 3.5 micrometers, and it is suitable for the 
optical coupling section to consider as die length of 500 micrometers or more. 
[0013] Furthermore, in the structure of a branching multiplexing optical waveguide circuit, the gap 
section blockaded between two branching waveguides is specifically lost, it has the optical coupling 
section by which the main waveguide and two branching waveguides are arranged by approaching, the 
main waveguide has the taper configuration to which waveguide width of face becomes narrow 
gradually in the optical coupling section, and branching waveguide has the taper configuration to which 
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waveguide width of face spreads gradually in the main waveguide and reverse. The die length of the 
optical coupling section has die length of at least 500 micrometers or more, although the minimum die 
length needed by the combination of the width of face of the main waveguide of the optical coupling 
section and two branching waveguides exists. Moreover, in the optical coupling section, spacing (gap) 
of the main waveguide and two branching waveguides is set as 2.0-3.5 micrometers. Moreover, the 
minimum waveguide width of face in the optical coupling section is 2 micrometers or less, in order to 
bring close to the condition of a cut-off and to shift light. Moreover, waveguide width of face and the 
depth are decided that only a basic mode spreads until the main waveguide results in the optical 
coupling section. 

[0014] Moreover, in the optical coupling section, the propagation direction of the light which spreads 
the main waveguide and two branching waveguides determines and arranges the width of face of 
waveguide so that in parallel. 

[0015] By losing the gap blockaded between waveguides and having the optical coupling section which 
approaches with a predetermined gap (gap) and arranges the main waveguide and two branching 
waveguides, a gap can be extended without increasing branching loss, the gap section becomes blunt, 
and generating of a ** void can be abolished. Moreover, if the light which spreads the main waveguide 
by taking structure which was mentioned above in the optical coupling section reaches the optical 
coupling section, shift will take place between branching waveguides by mode coupling in the 
beginning. Then, the light of the main waveguide shut up, and since it becomes weak, and a condition 
eases mode coupling with a strong wavelength dependency and becomes close to the condition of a cut- 
off, the wavelength dependency of branching loss has been abolished as light spreads the main 
waveguide. Furthermore, by setting the die length of the optical coupling section to 500 micrometers or 
more, shift of perfect optical power can be realized and reduction of branching loss can be aimed at. 
[0016] Moreover, as mentioned above, when it is made the waveguide width of face and the depth in 
which the main waveguide can spread only a basic mode, or the propagation direction of the light which 
spreads the main waveguide and two branching waveguides determines and arranges the width of face 
of waveguide in a bond part so that in parallel, increase of branching loss can be controlled, and the 
branching multiplexing optical waveguide circuit which has low loss and a stable property can be 
produced. 
[0017] 

[Embodiment of the Invention] Drawing J_ is the block diagram showing the gestalt of 1 operation of the 
branching multiplexing optical waveguide circuit of this invention. 

[0018] The main waveguide 1 1 has fixed waveguide width of face (W0) in the die length which is until 
it results in the optical coupling section 12, and is waveguide which only a basic mode spreads. 
[0019] the optical coupling section ~ setting - the main waveguide 1 1 - waveguide width of face -- W0 
from - Wl It has taper structure which changes gradually (W0 > Wl). Moreover, the branching 
waveguides 13 and 14 in the optical coupling section 12 have taper structure which changes waveguide 
width of face to W01 (Wl KW01) gradually from Wl 1 towards differing from the main waveguide. 
The minimum width of face Wl of the main waveguide 1 1 and the branching waveguides 13 and 14 in 
taper structure Wl 1 has the desirable way that the light which spreads taper waveguide in the direction 
in which waveguide width of face becomes narrow is narrow as it can be cut off (2 micrometers or less). 
Moreover, although each maximum width (W0, W01) of the main waveguide in the optical coupling 
section 12 and branching waveguide and the minimum (Wl, Wl 1) do not necessarily need to be the 
same, its one where each waveguide width of face 11, 13, and 14 is the more nearly same is desirable. 
That is, it is desirable for the shaft of the main waveguide 1 1 in the optical coupling section and the 
branching waveguides 13 and 14 to be parallel. 

[0020] In the optical coupling section 12, the main waveguide 1 1 and the branching waveguides 13 and 
14 have predetermined spacing (gap), and are separated. In terms of production of waveguide, as for the 
gap, it is desirable to make it 2.0 micrometers or more, and it is desirable to make it 3.5 micrometers or 
less from the point of a property. Moreover, the optical coupling section 12 is the die length 10 which 
exists in order to make branching loss small. It is above required. Although the die length changes with 
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the combination of the maximum width (WO, W01) of the main waveguide 1 1 in the optical coupling 
section 12, and the branching waveguides 13 and 14, and the minimum width of face (Wl, Wl 1), it is 
desirable to make it at least 500 micrometers or more. 

[0021] The branching waveguides 13 and 14 consist of deflection waveguides in which the optical 
coupling section 12 which has the taper structure mentioned above, and this have radius of curvature r 
independently. At this time, it may bend with the waveguide width of face W01 with the widest width of 
face of the taper waveguide of a tee 12, and the width of face W of waveguide does not necessarily need 
to be the same, and its deflection waveguide width of face may be wide. At this time, it is good also as a 
configuration which turns at taper waveguide independent [ the optical coupling section 12 ] and 
completely different with the optical coupling section 12, and is connected between waveguides so that 
it may bend with the taper waveguide section of one branching waveguide and light may spread by low 
loss between the waveguide sections. Moreover, slanting waveguide which the branching waveguides 

13 and 14 leave mutually is sufficient as the deflection waveguide section. 

[0022] In the optical coupling section 12, shift of light takes place to each branching waveguides 13 and 

14 by mode coupling in the beginning, in the trailer of the main waveguide 11, light will be in a cut-off 
condition at the termination of the taper configuration of the main waveguide 1 1 , and the light which has 
spread the main waveguide 1 1 will shift to each branching waveguides 13 and 14. Thus, the wavelength 
dependency of branching loss becomes very small by using a cut-off operation for shift of light. 
Moreover, the parallel thing of the direction of the light which spreads the main waveguide 1 1 and the 
branching waveguides 13 and 14 in the optical coupling section 12 is desirable. 

[0023] Production of a branching multiplexing optical waveguide circuit as shown in drawin g 1 can be 
performed by the approach shown in drawing_6 . Specifically, they are clad 2a and a core layer 3 on a 
substrate 1 TEOS-03 Sequential deposition is carried out in system AP-CVD. Subsequently, the 
unnecessary core layer 3 is removed so that it may become the optical waveguide circuit mentioned 
above by reactive ion etching. Then, an optical waveguide circuit is produced by depositing cladding 
layer 2a so that this core layer 3 may be embedded. 

[0024] An example of the property calculated to drawin g 3 and drawin g 4 in the BPM simulation of the 
overbranching loss using the branching multiplexing optical waveguide circuit by this invention is 
shown. 

[0025] Drawin g 3 is the die length 10 of the optical coupling section 12 of overbranching loss which 
made the parameter gap between the main waveguide 1 1 of the optical coupling section, and the 
branching waveguides 13 and 14. A dependency is shown. The propagation wavelength lambda is 1.27 
micrometers and relative index difference delta is the width of face W0 of 0.40% and the main 
waveguide 11.3 micrometers, The maximum width W0 of the main waveguide 1 1 in the optical 
coupling section 12, and the branching waveguide 13, The die length of the waveguide for W01 turning 
at the 3-micrometer (W0 =W01) minimum width of face Wl and Wl 1 with the optical coupling section 
12 of 1 micrometer (Wl =W1 1) and the branching waveguides 13 and 14, and connecting waveguide is 
500 micrometers. By 500 micrometers or more, the value with as small overbranching loss as 0.2dB or 
less is acquired for the die length of the optical coupling section 12. 

[0026] Drawing 4 shows the propagation wavelength dependency of the overbranching loss which made 
the parameter gap between the main waveguide 1 1 of the optical coupling section 12, and the branching 
waveguides 13 and 14. The die length 10 of the optical coupling section The conditions of 500- 
micrometer others are the same as drawin g 3 . The value with very as small overbranching loss as 0.2dB 
or less is acquired by the wavelength of 1 .27 micrometers to 1 .57 micrometers. 
[0027] 

[Effect of the Invention] Since according to this invention the lock out part of the gap in a branching 
multiplexing optical waveguide circuit is lost, the minimum gap between waveguides can be extended, 
the residual of the core layer of the gap section of the waveguide at the time of manufacture and a gap 
become blunt, generating of a ** void is abolished and a further very high manufacture precision is not 
needed, manufacture is easy and yield's can improve sharply compared with structure conventionally. 
[0028] Moreover, since the main waveguide is made into the contraction waveguide structure where an 
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outer diameter contracts gradually and is prolonged from the edge of main waveguide like a taper 
configuration in the optical coupling section In the beginning part of contraction waveguides, such as a 
taper, light shifts to the branching waveguides 13 and 14 by mode coupling from the main waveguide 
1 1 , and light shifts to the branching waveguides 2 and 3 by light's shutting up, and a condition's 
becoming weak and being in a cut-off condition as the termination of contraction waveguide is 
approached. For this reason, shift of the optical power from the main waveguide to branching waveguide 
is performed efficiently, and even if it extends gap spacing, increase of superfluous loss can be 
controlled. Moreover, in this invention, since shift of the light by the cut-off of the main waveguide is 
also used, mode coupling can be eased and a wavelength dependency can be made small. 
[0029] Furthermore, since it does not have the expansion structure where the outer diameter of 
waveguide produces the higher mode in the optical coupling section, the superfluous loss resulting from 
generating of the higher mode and the mismatching between the modes between waveguides becomes 
that there is nothing. 

[0030] As mentioned above, since it has said configuration according to this invention, by setting up the 
die length of contraction of waveguide width of face, a gap, a taper, etc., expansion waveguide, and its 
optical coupling section, the yield is good and can make overbranching loss small, the wavelength 
dependency of a property is made small and the good branching joint optical waveguide circuit of the 
repeatability of a property is obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention has two or more optical waveguides formed on the substrate, and 
relates to the branching multiplexing optical waveguide circuit which performs branching and 
multiplexing of light. 
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PRIOR ART 



[Description of the Prior Art] In the optical integrated circuit using waveguide, the optical waveguide 
circuit which has the function of branching and multiplexing is important, and indispensable. As such a 
branching multiplexing optical waveguide circuit, the Y branch optical waveguide circuit which has two 
or more branching optical waveguides is known, and the application to a lxN splitter etc. is made. 
[0003] Drawin g 5 is the block diagram showing the conventional Y branch optical waveguide circuit. 
[0004] Each waveguides 21, 22, 23, and 24 are embedded for the Y branch optical waveguide circuit of 
drawing 5 into the clad 2 on a substrate. Moreover, all of the waveguide width of face of waveguides 21, 
23, and 24 are equal, and the branching waveguides 23 and 24 have radius of curvature r, and have an 
ideal configuration [ as / whose tip is zero ] in the gap of the lock out part surrounded by the branching 
waveguides 23 and 24 of the branch point 25 when the branching waveguides 23 and 24 start. 
[0005] The production approach of this Y branch optical waveguide circuit carries out the sequential 
deposition of the core layer 3 with a slightly high refractive index substrate top 1, such as silicon, as 
shown in drawing 6 rather than cladding layer 2a and cladding layer 2a. Subsequently, it leaves an 
optical waveguide circuit part like the desired optical waveguide circuit 21, 22, 23, and 24, for example, 
each waveguides of drawing^ , and a core layer 3 is processed by etching, cladding layer 2a is deposited 
after that, a desired optical waveguide circuit is embedded, and a branching multiplexing optical 
waveguide circuit is produced. 

[0006] In the Y branch optical waveguide circuit mentioned above, for low-loss-izing of branching 
multiplexing, it is produced so that the tip configuration of the lock out partial gap of the branch point 
25 may become close to ideal zero. 

[0007] However, with the present production technique, it is impossible to make the configuration at the 
tip of a lock out partial gap into zero, and it has 0.5-1 micrometer and narrow width of face. Therefore, 
as the core layer which should be removed into the gap part which it is difficult to process it with a 
sufficient precision in fact [ since it blockades ] although the beginning of a lock out partial gap must 
also be processed perpendicularly ideally, and was blockaded remains when removing the core layer of a 
garbage so that it may become a desired optical waveguide circuit by etching, and shown in drawin g 7 , 
**** arises, branching loss increases, and the yield falls. Moreover, when are processed with a sufficient 
precision and embedding the narrow gap of 0.5-1 micrometer of a lock out part by cladding layer 2a, as 
shown in drawing 8 , the air space 26 called a void to the gap section occurs, this void increases 
branching loss, and the yield falls. Moreover, in order to solve the above-mentioned problem on 
production, it is difficult for branching loss to increase on the contrary and to constitute the branching 
multiplexing optical waveguide circuit of low loss only by extending the gap of the branch point (lock 
out part) simply. Here, drawingj and drawing 8 are the B-B' sectional views near the branch point 25 of 
the blockaded gap which was surrounded by the branching waveguides 23 and 24 in drawin g 2 . 
[0008] In order to solve a technical problem which was mentioned above, according to JP,4-70605,A, a 
branching multiplexing optical waveguide circuit like drawingj) is devised. It is the branching 
multiplexing optical waveguide circuit which has the structure where consist of the expansion 
waveguide 22 and expansion waveguide which are expanded and prolonged from the main waveguide 
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21 and the main waveguide 21, and branching waveguides 23 and 24 separated with a predetermined 
gap, and the branching waveguides 23 and 24 are also separated with the predetermined gap. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Since according to this invention the lock out part of the gap in a branching 
multiplexing optical waveguide circuit is lost, the minimum gap between waveguides can be extended, 
the residual of the core layer of the gap section of the waveguide at the time of manufacture and a gap 
become blunt, generating of a ** void is abolished and a further very high manufacture precision is not 
needed, manufacture is easy and yield's can improve sharply compared with structure conventionally. 
[0028] Moreover, since the main waveguide is made into the contraction waveguide structure where an 
outer diameter contracts gradually and is prolonged from the edge of main waveguide like a taper 
configuration in the optical coupling section In the beginning part of contraction waveguides, such as a 
taper, light shifts to the branching waveguides 13 and 14 by mode coupling from the main waveguide 
1 1, and light shifts to the branching waveguides 2 and 3 by light's shutting up, and a condition's 
becoming weak and being in a cut-off condition as the termination of contraction waveguide is 
approached. For this reason, shift of the optical power from the main waveguide to branching waveguide 
is performed efficiently, and even if it extends gap spacing, increase of superfluous loss can be 
controlled. Moreover, in this invention, since shift of the light by the cut-off of the main waveguide is 
also used, mode coupling can be eased and a wavelength dependency can be made small. 
[0029] Furthermore, since it does not have the expansion structure where the outer diameter of 
waveguide produces the higher mode in the optical coupling section, the superfluous loss resulting from 
generating of the higher mode and the mismatching between the modes between waveguides becomes 
that there is nothing. 

[0030] As mentioned above, since it has said configuration according to this invention, by setting up the 
die length of contraction of waveguide width of face, a gap, a taper, etc., expansion waveguide, and its 
optical coupling section, the yield is good and can make overbranching loss small, the wavelength 
dependency of a property is made small and the good branching joint optical waveguide circuit of the 
repeatability of a property is obtained. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] As mentioned above, the Y branch optical waveguide circuit 
of a gap [ the residual of the core layer of the gap of a lock out part and ] shown in drawin g 5 becomes 
blunt, or tended to produce the incompleteness on structures, such as generating of a void, and since 
branching loss increased and the yield fell, it had a problem at the disadvantageous point on production. 
Moreover, the branching multiplexing optical waveguide circuit shown in drawin g 9 which has a gap 
between the main waveguide and branching waveguide has the Y branch optical waveguide circuit of 
drawing 5 , and an essential target's same expansion waveguide 22, and makes structure of the optical 
coupling section the structure which cut the bond part of the main waveguide of a Y branch optical 
waveguide circuit, and branching waveguide in part in the shape of a straight line, however, with such 
structure, manufacture of the point of an acute angle about propagation of light it is not only difficult, 
but In order that the propagation light of the basic mode of the main waveguide 21 serves as the higher 
mode in the expansion waveguide 22 and may spread by the basic mode by the branching waveguides 
23 and 24 further, A sufficiently good branching loss property and a wavelength dependency are not 
acquired by mutual conversion of propagating mode, and the optical coupling in a gap, but lack also in 
the stability of reappearance of a branching multiplexing property by them. A difficulty has expression 
branching loss in that this increases notably, so that the include angle theta with the shaft of the 
waveguide of the end-face 240 grade of the end face 220 of the expansion waveguide 22, the end face 
230 of the branching waveguide 23, and the branching waveguide 24 and the main waveguide 21 to 
make becomes small especially, and the repeatability of a branching property gets worse greatly. 
[0010] The incompleteness on manufacture of the waveguide of the optical coupling section of 
branching multiplexing etc. is eased, the purpose of this invention is easy to manufacture, its superfluous 
loss is small enough, and its wavelength dependency of superfluous loss is good, and is to offer the high 
branching multiplexing photoconductive wave circuit of the repeatability of a property. 
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MEANS 



[Means for Solving the Problem] In the branching multiplexing optical waveguide circuit which has two 
branching waveguides which this invention combines with the main waveguide and this main 
waveguide by which the branching multiplexing optical waveguide circuit was formed into the clad on a 
substrate optically, said main waveguide is characterized by to have the contraction waveguide section 
to which an edge contracts gradually and extends from the main waveguide, and for said contraction 
waveguide section and said branching waveguide to approach, to be arranged, and to form the optical- 
coupling section. Moreover, said contraction waveguide section in said optical coupling section has a 
taper configuration in a both-sides side, and said branching waveguide is characterized by having the 
expansion waveguide section of each taper configuration of said main waveguide, and the taper 
configuration of the hard flow which counters. 

[0012] And it is suitable for the contraction waveguide section and the expansion waveguide section of 
this invention to have spacing of 2.0 micrometers thru/or 3.5 micrometers, and it is suitable for the 
optical coupling section to consider as die length of 500 micrometers or more. 
[0013] Furthermore, in the structure of a branching multiplexing optical waveguide circuit, the gap 
section blockaded between two branching waveguides is specifically lost, it has the optical coupling 
section by which the main waveguide and two branching waveguides are arranged by approaching, the 
main waveguide has the taper configuration to which waveguide width of face becomes narrow 
gradually in the optical coupling section, and branching waveguide has the taper configuration to which 
waveguide width of face spreads gradually in the main waveguide and reverse. The die length of the 
optical coupling section has die length of at least 500 micrometers or more, although the minimum die 
length needed by the combination of the width of face of the main waveguide of the optical coupling 
section and two branching waveguides exists. Moreover, in the optical coupling section, spacing (gap) 
of the main waveguide and two branching waveguides is set as 2.0-3.5 micrometers. Moreover, the 
minimum waveguide width of face in the optical coupling section is 2 micrometers or less, in order to 
bring close to the condition of a cut-off and to shift light. Moreover, waveguide width of face and the 
depth are decided that only a basic mode spreads until the main waveguide results in the optical 
coupling section. 

[0014] Moreover, in the optical coupling section, the propagation direction of the light which spreads 
the main waveguide and two branching waveguides determines and arranges the width of face of 
waveguide so that in parallel. 

[0015] By losing the gap blockaded between waveguides and having the optical coupling section which 
approaches with a predetermined gap (gap) and arranges the main waveguide and two branching 
waveguides, a gap can be extended without increasing branching loss, the gap section becomes blunt, 
and generating of a ** void can be abolished. Moreover, if the light which spreads the main waveguide 
by taking structure which was mentioned above in the optical coupling section reaches the optical 
coupling section, shift will take place between branching waveguides by mode coupling in the 
beginning. Then, the light of the main waveguide shut up, and since it becomes weak, and a condition 
eases mode coupling with a strong wavelength dependency and becomes close to the condition of a cut- 
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off, the wavelength dependency of branching loss has been abolished as light spreads the main 
waveguide. Furthermore, by setting the die length of the optical coupling section to 500 micrometers or 
more, shift of perfect optical power can be realized and reduction of branching loss can be aimed at. 
[0016] Moreover, as mentioned above, when it is made the waveguide width of face and the depth in 
which the main waveguide can spread only a basic mode, or the propagation direction of the light which 
spreads the main waveguide and two branching waveguides determines and arranges the width of face 
of waveguide in a bond part so that in parallel, increase of branching loss can be controlled, and the 
branching multiplexing optical waveguide circuit which has low loss and a stable property can be 
produced. 
[0017] 

[Embodiment of the Invention] Draw ing 1 is the block diagram showing the gestalt of 1 operation of the 
branching multiplexing optical waveguide circuit of this invention. 

[001 8] The main waveguide 1 1 has fixed waveguide width of face (W0) in the die length which is until 
it results in the optical coupling section 12, and is waveguide which only a basic mode spreads. 
[0019] the optical coupling section - setting — the main waveguide 1 1 — waveguide width of face — W0 
from — Wl It has taper structure which changes gradually (W0 > Wl). Moreover, the branching 
waveguides 13 and 14 in the optical coupling section 12 have taper structure which changes waveguide 
width of face to W01 (Wl 1<W01) gradually from Wl 1 towards differing from the main waveguide. 
The minimum width of face Wl of the main waveguide 1 1 and the branching waveguides 13 and 14 in 
taper structure Wl 1 has the desirable way that the light which spreads taper waveguide in the direction 
in which waveguide width of face becomes narrow is narrow as it can be cut off (2 micrometers or less). 
Moreover, although each maximum width (W0, W01) of the main waveguide in the optical coupling 
section 12 and branching waveguide and the minimum (Wl, Wl 1) do not necessarily need to be the 
same, its one where each waveguide width of face 11, 13, and 14 is the more nearly same is desirable. 
That is, it is desirable for the shaft of the main waveguide 1 1 in the optical coupling section and the 
branching waveguides 13 and 14 to be parallel. 

[0020] In the optical coupling section 12, the main waveguide 1 1 and the branching waveguides 13 and 
14 have predetermined spacing (gap), and are separated. In terms of production of waveguide, as for the 
gap, it is desirable to make it 2.0 micrometers or more, and it is desirable to make it 3.5 micrometers or 
less from the point of a property. Moreover, the optical coupling section 12 is the die length 10 which 
exists in order to make branching loss small. It is above required. Although the die length changes with 
the combination of the maximum width (W0, W01) of the main waveguide 1 1 in the optical coupling 
section 12, and the branching waveguides 13 and 14, and the minimum width of face (Wl, Wl 1), it is 
desirable to make it at least 500 micrometers or more. 

[0021] The branching waveguides 13 and 14 consist of deflection waveguides in which the optical 
coupling section 12 which has the taper structure mentioned above, and this have radius of curvature r 
independently. At this time, it may bend with the waveguide width of face W01 with the widest width of 
face of the taper waveguide of a tee 12, and the width of face W of waveguide does not necessarily need 
to be the same, and its deflection waveguide width of face may be wide. At this time, it is good also as a 
configuration which turns at taper waveguide independent [ the optical coupling section 12 ] and 
completely different with the optical coupling section 12, and is connected between waveguides so that 
it may bend with the taper waveguide section of one branching waveguide and light may spread by low 
loss between the waveguide sections. Moreover, slanting waveguide which the branching waveguides 

13 and 14 leave mutually is sufficient as the deflection waveguide section. 

[0022] In the optical coupling section 12, shift of light takes place to each branching waveguides 13 and 

14 by mode coupling in the beginning, in the trailer of the main waveguide 11, light will be in a cut-off 
condition at the termination of the taper configuration of the main waveguide 11, and the light which has 
spread the main waveguide 1 1 will shift to each branching waveguides 13 and 14. Thus, the wavelength 
dependency of branching loss becomes very small by using a cut-off operation for shift of light. 
Moreover, the parallel thing of the direction of the light which spreads the main waveguide 1 1 and the 
branching waveguides 13 and 14 in the optical coupling section 12 is desirable. 
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[0023] Production of a branching multiplexing optical waveguide circuit as shown in drawin g 1 can be 
performed by the approach shown in drawing 6 . Specifically, they are clad 2a and a core layer 3 on a 
substrate 1 TEOS-03 Sequential deposition is carried out in system AP-CVD. Subsequently, the 
unnecessary core layer 3 is removed so that it may become the optical waveguide circuit mentioned 
above by reactive ion etching. Then, an optical waveguide circuit is produced by depositing cladding 
layer 2a so that this core layer 3 may be embedded. 

[0024] An example of the property calculated to drawing 3 and draw ing 4 in the BPM simulation of the 
overbranching loss using the branching multiplexing optical waveguide circuit by this invention is 
shown. 

[0025] Drawing 3 is the die length 10 of the optical coupling section 12 of overbranching loss which 
made the parameter gap between the main waveguide 1 1 of the optical coupling section, and the 
branching waveguides 13 and 14. A dependency is shown. The propagation wavelength lambda is 1.27 
micrometers and relative index difference delta is the width of face W0 of 0.40% and the main 
waveguide 11.3 micrometers, The maximum width W0 of the main waveguide 1 1 in the optical 
coupling section 12, and the branching waveguide 13, The die length of the waveguide for W01 turning 
at the 3-micrometer (W0 =W01) minimum width of face Wl and Wl 1 with the optical coupling section 
12 of 1 micrometer (Wl =W1 1) and the branching waveguides 13 and 14, and connecting waveguide is 
500 micrometers. By 500 micrometers or more, the value with as small overbranching loss as 0.2dB or 
less is acquired for the die length of the optical coupling section 12. 

[0026] Drawmgj4 shows the propagation wavelength dependency of the overbranching loss which made 
the parameter gap between the main waveguide 1 1 of the optical coupling section 12, and the branching 
waveguides 13 and 14. The die length 10 of the optical coupling section The conditions of 500- 
micrometer others are the same as drawin g 3 . The value with very as small overbranching loss as 0.2dB 
or less is acquired by the wavelength of 1.27 micrometers to 1.57 micrometers. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing JJ It is drawing showing the gestalt of 1 operation of the branching multiplexing optical 
waveguide circuit of this invention. 

[Drawing 2] It is drawing showing the sectional view in A-A' of the gestalt of this operation. 
[Drawing 3] It is drawing showing an example of the property of the bond part die-length (10) 
dependency of the superfluous loss by the BPF simulation in the gestalt of this operation. 
[Drawing 4] It is drawing showing an example of the property of the wavelength dependency of the 
superfluous loss by the BPF simulation in the gestalt of this operation. 

[Drawing.5] It is drawing showing an example of the conventional branching multiplexing optical 
waveguide circuit. 

[Drawing 6] It is drawing showing an example of the manufacture approach of a branching multiplexing 
optical waveguide circuit. 

[Drawing 7] It is drawing showing the sectional view in B-B 1 of the conventional branching 
multiplexing optical waveguide circuit. 

[Pxawjng.8] It is drawing showing the sectional view in B-B* of the conventional branching 
multiplexing optical waveguide circuit. 

[Drawing .9] It is drawing showing other examples of the conventional branching multiplexing optical 
waveguide circuit. 
[Description of Notations] 

1 Substrate 

2 Clad 

3 Core Layer 

1121 Main waveguide 

12 Optical Coupling Section 

13, 14, 23, 24 Branching waveguide 

1 5 Connection 

22 Expansion Waveguide 

24 Branch Point 

26 Void 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



11/21/2006 



! 

JP,09-265018,A [DRAWINGS] 



Page 1 of 3 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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